Focal adhesion kinase and paxillin: novel regulators of brain sexual differentiation?
Steroid-mediated sexual differentiation of the brain is a developmental process that permanently organizes the brain into a male or female phenotype. Previous studies in the rodent have examined the steroid-mediated mechanisms of male brain development. In an effort to identify molecules involved in female brain development, a high-throughput proteomics approach called PowerBlot was used to identify signaling proteins differentially regulated in the neonatal male and female rat hypothalamus during the critical period for brain sexual differentiation. Focal adhesion kinase (FAK) and paxillin, both members of the focal adhesion complex family of proteins, were significantly elevated in the newborn female compared with the male hypothalamus. Sex differences in these proteins were not detected in brain regions that are not subject to substantial organizational effects of steroids. Estrogens, the aromatized products of testosterone in the male, can both masculinize and defeminize the male brain. Daily estradiol administration to neonatal females significantly reduced FAK and paxillin in the hypothalamus, and aromatase inhibition increased paxillin in males to levels comparable with females. Androgens also appear to modulate paxillin levels in combination with estrogen action. Across development, hypothalamic levels of FAK were significantly elevated in females compared with males on postnatal d 6. Synaptic circuits in the hypothalamus develop sex differences perinatally. Estradiol treatment of cultured hypothalamic neurons significantly enhanced axon branching (P<0.01), consistent with the phenotype of FAK-deficient neurons. Together, these data implicate FAK and paxillin as regulators of sex differences in neuronal morphology.